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ABSTRACT

Project 83-7 was established under the Northwest Power Planning Council's
1982 Fish and Wldlife Program Measure 704 (d) (1) to nonitor natural production
of anadronous fish, evaluate Bonneville Power Adm nistration habitat inprovement
projects, and develop a credit record for off-site mtigation projects in |daho.
Project 83-7 is divided into two sub-projects: general and intensive nonitoring.
Results of the intensive nonitoring sub-project are reported here. Results from
the general monitoring sub-project will be reported in a separate docunent
(Scully et al. 1991, in progress).

The purpose of this intensive nmonitoring project is to determ ne the nunber
of returning chinook and steel head adults necessary to achieve optiml smolt
production, and develop mitigation accounting based on increases in snolt
producti on. Two | ocations are being intensively studied to neet these
obj ecti ves. Information fromthis research will be applied to parr monitoring
streans statew de to devel op escapement objectives and determ ne success of
habi tat enhancenment projects.

Field work began in 1987 in upper Salmon River and Crooked River (South
Fork Clearwater River tributary). Methods include using weirs to trap adults,
conducting ground and aerial redd counts, snorkeling to estimate parr
popul ations, PIT-tagging juveniles to determine parr-to-snolt survival, trapping
fall and spring downstream emigrants with scoop traps, and outplanting adults
to determine juvenile carrying capacity. PIT tags also provide a w de range of
other information such as mgration timng, effects of flow and passage
conditions on smolt survival, other factors affecting smolt survival, and grow h.

Major findings of the project to date are:

L Qur data and data from the National Marine Fisheries Service shows that
the peak period of arrival at Lower Ganite Reservoir Dam for upper Snake
River wld/natural spring chinook is later than the peak of the total
spring chinook smolt run at Lower Granite Reservoir Dam. The data
indicates this difference is a result of the earlier arrival of hatchery
snolts which greatly outnunber the wild/natural smolts. This data also
indicates that the current water budget, which is based upon when the
greatest number of spring chinook snolts reach Lower Ganite Reservoir Dam
may have actually delayed sone of the wld/natural spring chinook stocks
fromldaho in spring 1990.

2. Estimates of egg-to-parr survival rates from naturally-spawning spring
chinook for the entire upper Salnon River averaged 4.8% (range 2.1%to
6.7%.
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Estinates of egg-to-parr survival rates from natural spawners and adult
outplants in the headwater streams of the upper Salnon River averaged 18.8%
(range 8.5%to 32.0%.

Wth the brood year 1989 fish, we were able to make our first estimte of
chinook egg-to-parr survival in Crooked River, and the results (15% were
simlar to the average observed in other |daho anadronous streans.

Run year 1988 to 1990 estimates of upper Salnobn River parr-to-snolt
survival to the head of Lower Ganite Reservoir pool based on August PIT
tagging ranged from6.4% to 12.3% (X = 9.5% for chinook and 7.8%to 23.3%
(x = 17.2%) for age 2+ and ol der steel head. Run year 1989 and 1990
estimates of Crooked River parr-to-smolt survival to the head of Lower
Ganite Reservoir pool based on August PIT tagging were 5.2% and 5.7% for
chi nook and 33.5% and 14.1% for age 2+ and ol der steel head, respectively.

For run year 1990, we estimated headwaters of the upper Sal non River spring
chinook parr-to-smolt survival to the head of Lower Granite Reservoir pool

fromthe follow ng supplenentation techniques to be: natural spawners
(10.9%), adult outplants (8.5%, eyed eggs (7.3%), fry (5.7%), and sunmer
parr (0.8%. The parr outplants may have had such a disnal survival as

a result of a pcssible BKD outbreak made worse by being outplanted in warm
weat her.

Moderate fishing pressure conbined with general fishing regulations (bait;
no size limit) can result in the removal of a major portion of the age 2+
and ol der steel head.

There may be a higher long-termPIT tag nortality in streans than has been
observed in hatchery studies. If so, PIT tags are underestimating parr-
to-smolt survival in the wld.

QG her findings of this project are:

Qur data indicates that in smaller spawning streans a total ground count
just after the peak spawning time can accurately estimate chinook fenale
escapenent with an assuned fenale to redd ratio of 1:I.

Habitat inmprovement structures can provide clean gravel that attracts
chi nook spawners.

There may be a nore natural conponent of the upper Sal non River chinook
popul ation that spawns higher up in the drainage than the more hatchery-
i nfl uenced conponent.

Chi nook and steel head juveniles generally key in on the same stimuli for
emgration, with stormevents being the prinmary stinulus in the spring and
sharp drops in water tenperature being the primary stimulus in the fall.
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5. H gher elevation (harsher climte) streams will have a higher percentage
of parr emigrate in the fall with age 0 chinook and age 2+ and ol der
steel head emgrating at about the same percentage for a particular stream

6. The Busterback and Alturas Lake Creek diversions block adult chinook from
reaching the low gradient headwater streans where we have observed an
average four times greater egg-to-parr survival than in the main river
bel ow t hese diversions

Aut hor s:

Russel|l B. Kiefer

Seni or

Fi shery Research Biologi st

Kat hari ne A. Forster

Seni or

Fi shery Technician
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| NTRODUCTI ON

The purpose of this project is to quantify changes in chinook sal mon
Oncorhynchus t shawt scha and steel head trout Q mykiss snolt production relating
to Bonneville Power Adm nistration (BPA) funded habitat inprovenent projects.
It is generally accepted that habitat inprovenent projects can increase fish
production, and for anadronous popul ations, effectiveness is best nmeasured by
changes in smolt production. Actual increases in snolt production resulting from
habitat projects have never been statistically quantified (Buell 1986). A
realistic quantitative approach for l|daho is: 1) to estimate parr production
attributable to habitat projects through general nmonitoring; 2) to quantify
rel ati onshi ps between spawni ng escapenent, parr production, and snolt production
through intensive monitoring; and 3) to use the determned parr-to-snmolt survival
rates as a basis for BPA nitigation accounting.

The primary objectives of the intensive evaluation and nonitoring portion
of this project are to determne:

L smolt production fromtwo anadronous stream reaches.

2. Parr-to-smolt survival rates for wild and natural chinook and steel head
for BPA habitat project mtigation.

3. Thenmat hematical rel ationship between spawni ng escapenent, parr production,
and smolt production.

4. M gration characteristics of anadronous juveniles from the two study
streans.

5. Habitat rearing potential, potential snmolt production, and reproductive

potential for the two study streans.

STUDY AREAS

Upper Sal non R ver

The Salnmon River originates in the Saw ooth, Snokey, and Wite d oud
mountains in south central Idaho (Figure ! 1. The upper Salnon River (USR study
site is the entire Salmon River drainage upstream of the Sawtooth Hatchery weir
at elevations above 1,980 m  Study sections are |ocated throughout the upper
basin. The river above Sawtooth Fish Hatchery is a major production area for
spring chinook salnon and A-run summer steel head trout. Resident salnonids in
the USR drai nage are native rainbow trout 0. nvkiss, cutthroat trout 0. clarki,
bull trout Salveiinus malma, mountain whitefish prosopium williansoni, and non-
native brook trout S. fcntinal:s (Mallet 1974).
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Hi storically, sockeye salmon 0. nerka existed in all noraine |akes in the
Stanl ey Basin (Everman 1895). An extrenely depressed remant run of sockeye
returns to Redfish Lake, whose outlet enters the Salmon River approxinmately 2.7
km downstream from Sawt ooth Hatchery. Adult sockeye occasionally have been seen
in Alturas Lake Creek (K Ball, I|daho Department of Fish and Game, personal
communi cation), but an irrigation diversion that conpletely dewaters the creek
every summer nmakes adult passage to the |ake unlikely (Bowes and Cochnauer
1984). No other sockeye runs are known to exist in the Salnon River drainage.

Nearly pristine water quality and an abundance of high quality spawning
gravel and rearing habitat is present throughout nuch of the upper ba3|n \Nat er
flows at the Sawtooth Hatchery range fromlows of 1.73 to 3.46 m/sfromJuIy
through April to highs of 11.2t0 23.3 m 3/s duri ng May and June. Conductivity
in the USR drainage ranges from 37 to 218 umhos/cm (Emmett 1975).

Li vestock grazing and hay production are predom nant uses of private |and
t hroughout the USR basin. Gazing in riparian zones has degraded aquatic habitat
in localized areas. Water diversions fromthe river and tributaries have
inpaired the potential for production of chinook and steelhead in some of the
USR dr ai nage.

Irrigation diversions in the USR have an adverse inpact on river flows and
fish passage. The Busterback diversion between Alturas Lake Creek and Pol e Creek
conpl etely dewaters the river for approximately 3 km from July through Septenber
in an average flow year. Flow diversions fromtributary streams vary from
partial to conplete dewatering. Conversion from flood to overhead sprinkler
irrigation has decreased the withdrawal of water from Pole Creek since 1982.
BPA funded the construction of a fish screen for the irrigation diversion on Pole
Creek during 1983 to 1984. Steelhead fry have been outplanted into upper Pole
Creek every year since 1985 (|l daho Department of Fish and Ganme, unpublished
data). Chi nook sal mon had not been introduced into Pole Creek until supple-
nentation research began with brood year 1988 fish.

The Sawt ooth Fish Hatchery was constructed in cooperation with the U S
Fish and Wldlife Service and the U.S. Arny Corps of Engineers through the Lower
Snake River Conpensation Plan. The hatchery program invol ves trapping adult
chi nook and steel head and rel easing smolts and other |ife stages. The hatchery
is designed to produce 2.4 mllion chinook smolts per year. Steel head eyed eggs
are sent to other facilities for rearing, and the smolts are transported back
to Sawt ooth Hatchery for release. The objective is to release 1.5 million
steel head snolts at Sawtooth Hatchery. At |east 33%of the adult chinook and
steelhead entering the trap are rel eased upstream of the hatchery to spawn
naturally.

Crooked River

Crooked River (CR) originates at an elevation of 2,070 min the C earwater
Mountains within the Nez Perce National Forest and enters the South Fork
Clearwater River at river kiloneter 94 at an elevation of 1,140 m (Figure 2).
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Figure 2. Location of the Crooked River study areas, pond (o) and river
sections (e), and meadows degraded by dredg ing (shaded). Arrow
indicates location of trapping taciiice.



The study site includes the entire CR drainage. Hi storically, chinook and
steel head runs were elinmnated by the construction of Harpster Dam on the South
Fork Clearwater River in 1927. Spring chinook and B-run sunmer steel head were
reestablished in CR followi ng renoval of the damin 1962. Resident sal nonids
in the CR drainage are native rainbow trout, cutthroat trout, bull trout,
mountain whitefish, and non-native brook trout (Petrosky and Hol ubetz 1986).
Flows on CR range from4.3 to 0.2 m/s, and conductivity ranges from 35 to 50
umhos/cm (Mann and Von Li ndern 1987).

Dredge nmining activities during the 1950s severely degraded habitat within

the two nmeadow reaches of the stream In the upstream neadow, the stream was
forced to the outside of the floodplain resulting in a straight, high gradient
channel. In the |ower neadow, dredge tailings have forced the streaminto |ong

meanders with many ponds and sloughs. During runoff, juvenile trout and sal non
use sone of these ponds, but are trapped as flow recedes.

Fish density and habitat surveys were initiated in 1984 by the |daho
Departnent of Fish and Gane (IDFG and the Internountain Forest and Range
Experiment Station, U S. Forest Service (USFS), Boise, |daho. Pet rosky and
Hol ubet z (1985) found that densities of juvenile chinook and steelhead in the
two gmeadow reaches were lower than in other ldaho streams. Densities of fish
in é;le pool s and high velocity sections were simlar. Si nce chi nook parr
generally prefer pool habitat over high velocity sections, this lack of a
rel ati onship between juvenile density and habitat type indicates that the upper
meadow reach was underseeded in 1984.

In 1984, the USFS, with BFA funds, placed a series of |og structures, rock
and boul der deflectors, organic debris structures, and |oose rock weirs in the
upper neadow in an effort to conpensate for stream gradient and increase the pool
toriffle ratio. In addition, banks were stabilized and revegetated, an off-
channel pond was connected with a side channel, and a culvert blocking adult
passage was renoved (Hair and Stowell 1986). Recent efforts have concentrated
on connecting additional ponds in the dredge tailings to the main channel and
devel opi ng side channels to provide continuous water supply during low flow
peri ods.

METHODS

Physi cal Habitat

Physical habitat surveys were conducted using the |daho ocular method
(Petrosky and Hol ubetz 1987) to hel p deternine rel ationships between physical
habitat and smolt production. In the USR study area, physical habitat surveys
were conducted on 16 study sites. In the CR study area, physical habitat surveys
were conducted on 11 study sites. The 1daho ocular nethod was derived from
Platts et al. (1983). In this nethod, transects are established at 10-m
intervals within each study section, and streamw dth is neasured at each
transect. Depth, velocity, substrate conposition, enbeddedness, and habitat type
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(i.e. pool, run, riffle, pocketwater, or backwater) as described by Shepard
(1983) are neasured or deternmined at the one-quarter, one-half, and three-quarter
poi nts of each streamtransect. Proportions of sand (0 to 0.5 cm dianeter),
gravel (>0.5 to 7.4 cm), rubble (>7.5 to 30.4 cm), boulder (>30.4 cm), and
bedrock that conprise the substrate are estimated visually. Enbeddedness (the
proportion of surface area of gravel, rubble, and boul der surrounded by sand)
is classified in 5% intervals from 0% to 100% Stream gradient is neasured with
a surveyor's transit and stadia rod as the elevation difference between the upper
and | ower section boundaries divided by the section length. Stream channel type
is classified according to Rosgen (1985). Al'l sections are flagged and
phot ographed for future repeated neasurenents

Project data have been entered into the IDFG physical habitat database
for analysis. The managenent of this database is handled by the |daho Habitat
Eval uation for Of-Site Mtigation Record project and are reported in Scully et
al. 1990.

Adult FEscapenent and Redd Counts

Actual escapenents for chinook and steel head in the USR were obtained from
Sawt oot h Fish Hatchery records (Alsager 1990). Except for the possibility of
a small percentage of early and late fish from each of the runs, the entire
escapement above the hatchery weir consisted of fish that were collected in the
hatchery trap and then rel eased upstream to spawn naturally. Chinook escapenent
into CR was obtained fromCR adult collection facility records (MGehee 1990).
In CR no adult escapenent estimates for steel head were available for 1990.

Chinook trend redd counts were conducted by regional fisheries personnel
(Hassener 1989). The trend count for the USR was a one-day peak count by
helicopter during the first week in Septenber that covered the entire current
spawning area. The trend count for CR was not conducted in 1990 because we did
not observe any redds in the trend count area during our ground count.

Total chinook redd counts were conducted by project personnel in both the
USR and CR study areas by foot to determ ne natural spawning. Counts were done
using guidelines identified by |DFG personnel (Redd Count Manual 1990), and data
is reported in Hassener (1989). The entire probabl e spawning area was wal ked
to count redds and actively spawning fish. Al encountered carcasses were
measured (fork length) and cut open to confirm sex and conpl eteness of spawning.
The USR ground count was conducted from Sawtooth Hatchery to the headwaters on
Septenber 1 to 7, 1990. On CR, the ground count was conducted fromthe nouth
to the forks on Septenber 12, 1990.

Hel i copter redd counts for steel head were conducted on May 7 for the USR
and May 8 for CR. In USR the helicopter count was conducted from the Sawt ooth
Hat chery weir up to the nouth of Pole Creek and in Alturas Lake Creek fromthe
mouth to the Pettit Lake road bridge. In CR the helicopter steel head redd count
was conducted fromthe narrows to Orogrande. During May 13 to 15, we conducted
ground steel head redd counts on Pole Creek fromthe mouth to the diversion and
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on the Salmon River from Pole Creek to Cheneketan Campground. On April 23 and
24, we conducted ground counts on CR from the nmouth to Orogrande.

The nunber of femal e chinook and steel head spawning in the USR was
estimated as the nunber of fenmles rel eased above the Sawtooth Hatchery weir
multiplied by pre-spawning survival observed at Sawtooth Hatchery (0.95 for
chinook; 0.98 for steel head, Al sager 1990). Egg deposition was estimated as the
nunber of fenmale spawners nultiplied by the average fecundity (4,500 eggs/fenale
for chinook; 4,734 eggs/female for steel head, Al sager 1990). In CR, the nunber
of femmle chinook spawners was estimated assuming one redd per female as we
observed in the USR Chi nook fecundity for CR (4,400 eggs) was based on
estimates from the nearby Red River trapping facility (MGehee 1989).

The 1985 to 1987 femml e chi nook escapenent nunbers are based on the ratio
of the 1988 total redd count to trend count (43 total; 27 trend) and past trend
counts. The 1988 and 1989 fenal e chinook escapement estimates were based on the
ground redd counts.

Hat chery Suppl enent ati on

Upper Sal mon River

Suppl enentation eval uation efforts in the USR currently concentrate on
chinook for brood year 1989 because of their critical status relative to A-run
natural steel head. The life stages outplanted in 1990 and their respective
strata were: adult chinook into Frenchman Creek, upper Pole Creek, and Smley
Creek; adult steelhead into the Salnmon River; adipose-clipped fingerling
steelhead into Sniley Creek and the Salmobn River; and chinook parr into the
Salmon River. A mpjor factor in the selection of the adult supplementation sites
was the absence of natural reproduction as determ ned by our ground redd counts.
The source of all chinook used for supplenmentation in the USR were returns to
Sawt ooth weir. St eel head used for suppl ementati on were obtained fromfish
returning to Sawtooth Hatchery weir and Pahsineroi Hatchery weir.

Annual seeding levels for supplenmentation were selected based upon the
availability of chinook adults and the |evels needed for evaluation. W
eval uated outplant success as survival to parr and smolt stage. W estinated
total parr abundance for the outplant sites in July by stratified snorkel
transects (three strata, six sections) extending from 1.0 km above to 2.0 km
bel ow out pl ant sites.

A total of 15 female and 15 male adult chinook were released into Frenchman
Creek at study section 2-A during August 18 to 24, 1990. The release site was
| ocated within a grazing exclosure that was al so sanpled for sedinent nonitoring
(Torquemada and Platts 1988). No cattle were in the exclosure while the chinook
were spawning. In the Fole Creek study area, a total of 14 female and 16 nale
adult chinook were released at study section 3-B during August 18 to 24, 1990.
The Pole Creek release site was |ocated within a meadow subjected to heavy sheep
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grazing. No sheep were in the meadow while the adults were spawning. In the
Smiley Creek study area, 11 fenmale and 15 male adult chi nook were rel eased at
study site 2-A (4.5 km above the nmouth). Picket weirs prevented the fish from
moving above or bel ow the rel ease sites. Spawni ng activity was nonitored on
alternate days. Carcasses were cut open to confirm sex and determ ne
conpl eteness of spawning, and fork |ength was neasured.

In 1990, a total of 528 adult steelhead trout were released into the USR
O these fish, 358 (114 fenmale and 244 nale) were collected in the Sawt ooth
Hatchery trap, and 170 fish (105 female and 65 male) were collected at Pahsimeroi
Hat chery and transported to the USR for release. Seventy of the adult steel head
from Pahsi meroi Hatchery were outplanted on April 20 just below Hell Roaring
Creek, and the remaining 100 fi sh were outplanted at the nmouth of Hell Roaring
Creek on April 9. Adult steelhead from Sawtooth Hatchery were released at the
Sawt ooth weir.

Adi pose-clipped steel head fingerlings were released into the Salmn River
and smiley Creek to supplement natural production. The total number of adipose-
clipped steelhead released into the Salnmon River in 1990 was 304,907. These
fish were released in three groups. The first outplant was at Hell Roaring Creek
bridge on Cctober 5, and 97,515 fish were released. The second outplant was made
in the Salmn River 2 km above Sawtooth Hatchery on Cctober 10, and 119,819 fish
were released. The third release was at the Hell Roaring Creek bridge on Cctober
17, and 87,573 fish were rel eased. On smiley Creek, 6,150 adi pose-cli pped
steel head were released into stratum 2, 5 km above the nmouth.

On August 16, 1990, 2,000 chi nook parr were released into the Sal non River
at the Hell Roaring Creek bridge. These parr were reared at Sawt ooth Hatchery.

Crooked River

In CR 65 fenale and 92 male adult chi nook sal non were rel eased at the
Crooked River bridge (16 km above the nouth). Fish were obtained from Dworshak
National Fish Hatchery and Kamiah Fish Hatchery. Spawning progress was nonitored
with the same nethods used in the USR

A total of 251 (162 fermale and 89 male) adult steel head were outpl anted
into CR at the Crooked River bridge on May 18, 1990. These fish were collected
at Dworshak National Fish Hatchery and trucked to CR for release.

On April 25, 1990, 214,633 adi pose-clipped steel head smolts were rel eased
into CR at the Crooked River bridge to supplenment natural production. These fish
were obtained from the Kam ah Hatchery.

On March 28, 1990, 300,400 spring chinook smlts were released into CR at
the Crooked River bridge to supplement natural chinook production. On Cctober

17, 1990, 339,100 chinook parr were released at the Crooked River bridge. Al
chinook outplanted into CR were obtained from Kani ah Hatchery.

QUANNRPT
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Parr__Abundance

Parr abundance by species and age class was estimated by snorkeling through
establ i shed sections (Petrosky and Hol ubetz 1985). Surveys were conducted in
31 sections on CR during July 6 to 9, 1990 and in 81 sections on the USR during
July 19 to 24, 1990. Total abundance of steelhead and chi nook parr were
estimated by stratified sanpling (Schaeffer et al. 1979).

PI T Taqging

Chi nook and steel head parr were PIT-tagged (Passive Integrated Transponder)
in their summer rearing areas during August 16 to 22, 1990 for the USR and August
2 to 8, 1990 on CR Addi tional pre-snolts and smolts were col |l ected and PIT-
tagged during the fall and spring emgration trapping operations (see Enmigration
Trappi ng section).

We collected fish for PIT-tagging with a Smth-Root nodel 12 el ectrofisher
or seine, depending on which nmethod was nost suitable for each particular site
and species. Seines were used primarily to sanple pools and the electrofisher
was used to sample riffles.

The el ectrofisher was operated with a 30.5-cmdianeter anode ring on a 2.0-
mpole, 2.4-m rattail cathode, voltage setting between 200 and 400 V, and pul se
rates of 90 cycles/s when fishing primarily for chinook and 30 cycles/s for
st eel head. Conductivity in the USR drai nage ranges from 37 to 218 umhos/cm
(Emmett 1975). The conductivity on CR ranges from35 to 50 umhos/cm (Mann and
Von Lindern 1987). W observed that nylon netting tied conpletely around the
anode ring reduced the incidence of electrical burn marks and fish mortality.
This nmodification did not inpair capture effectiveness.

Taggi ng procedures included anesthetizing fish with MS-222 and injecting
Pl? tags into the body cavity using a 12-gauge hypodermnic needle and nodified
syringe. The needle was oriented anteriorly to posteriorly and inserted just
off the md-ventral line, about 174 of the distance between the tip of the
pectoral fin and the pelvic girdle. Imediately after the needle entered the
body cavity, it was rotated to change the angle so the bevel of the needl e nade
contact with the inner surface of the body wall. The tag was then inserted.

After tagging, tag presence was confirned using a hand-held detection and
decodi ng device. The National Mrine Fisheries Service (NNFS) has found that
once a functional tag has been successfully inplanted in a fish, the tag failure
rate has been less than i (Prentice et al. 1986). Fork length was neasured to
the nearest 1.0 nmon all fish that were PIT-tagged and all fish that were too
smail to tag. Fish weight was nmeasured to the nearest 0.1 g on most of the fish
tagged using a Port-@ G ambal ance. W summarized length data by l|ocation for
berr species, and for chinook, we also grouped |ength data by parr origin
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(natural spawning, adult outplants). Perforated 1.0 x 0.5 mplastic tote boxes
were used to hold fish before tagging, during recovery, and for 24-hour del ayed
mortality tests.

A hand-held PIT tag detector was used to detect and send the tag codes to
a battery powered |aptop conputer. The |aptop conmputer used a program supplied
by NMFS to organi ze tag codes and associated data into tag files. Copies and
printouts of these tag files were nade daily.

We conducted tests on chinook and steelhead in both study areas to
determne delayed nortality and tag loss. Al fish tagged were held for 24 hours
in perforated plastic tote boxes in the stream sections they were tagged in
before rel ease.

Em gration Trapping

We nonitored fall and spring emgration of juvenile anadronous fish in the
USR with a floating scoop trap equipped with a 1.0-m wide inclined traveling
screen (M dwest Fabrications Inc., Corvallis, Oregon). The trap was attached
bel ow the permanent weir at Sawtooth Hatchery. \ater was funneled to the trap
froma 3.1-m wide bay of the weir with a tenporary picket weir covered with 6
mm har dwar e cl ot h. To evaluate the spring 1990 (chi nook brood year 1988)
enmigration, the trap was operated from March 9 to May 16, 1990. The trap was
operated from August 24 to Novenber 7, 1990 to evaluate fall emigration (brood
year 1989).

On CR, a snaller version of the Sawtooth weir trap was used to eval uate
the 1990 emi grations. The trap had a 1.0-m wide inclined traveling screen and
was |ocated 0.2 km above the nouth of CR. A rock weir was installed to funnel
fish to the trap. The trap operated from March 3 to May 24, 1990 to eval uate
the spring emgration. H gh water and nechanical problenms caused the trap to
be out of operation on May 11 and May 13. For the fall 1990 em gration, the trap
was operated from August 30 to Novenmber 16, 1990.

The overall run estimates obtained from emgration trapping operations are
totals of the daily run estimates and are based on trap efficiencies calculated
for different ranges of flows and daily trap catches. W used the length
frequency of the steelhead catch to estimate age conposition of the steel head
runs.

Survival Rates

A major objective of this project is to estimate snolt production from
natural | y-spawning adults and deternmine factors that affect their survival.

We used PIT tag detections at the Lower Snake and Col umbia River dans as
the basis for smolt production estimates. In this nethod, we use our parr
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popul ation estinmates from snorkel counts and then PIT tag representative groups
of parr. W then conpare the detections of these PIT tag groups at the LGR Dam
with the detections that Buettner and Nel son (1990) observe for fish PIT-tagged
at their traps at the head of LGR pool. [If we assume that their tagged fish are
detected at the dams at the same rate as our tagged fish, and that both groups
suffer the sane tagging nortality and migration nmortality through LGR, then we
can estimate the nunber of USR and CR snpolts surviving to the head of LGR pool.
To make this estimate we used the follow ng equation:

PTDysp / PTDigp 001 = Sicr pool

Vher e:
PTDg; = Propor;i on of the USR PIT-tagged parr
and enmigrants detected at LGR Dam
PTD s pool = Proportion of LGR pool PIT-tagged
smolts detected at LGR Dam
S\ e poo1 = The proportion of the USR PIT-tagged

fish surviving to head of LGR pool.

Then we nultiply this estimate of the proportion of PIT-tagged parr and emgrants
surviving to the head of LGR pool by the population estimate to get the estimte
of snolts surviving to the head of LGR pool.

When our estimate of snolt production indicated that there may be an error
in the PIT tag nmethod, we used a nonthly survival estimate for a conparison.
In this method, we have to make the assunptions that all nonthly survival rates
(S) are equal, that our snorkel counts accurately estimate the parr popul ations,
and that our trap accurately estimtes the nunber of fish [eaving the study area
during the fall and spring emgration periods. W then can use the follow ng
equations to estimate snolt production at the study area.

2
PP,,,, X S° - E; = PP

winter

Vher e:
PP, = July parr popul ation estimte
S = Monthly survival
E, = Fall enmigration

PP = Qverwintering popul ations

winter
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PP xsb -k

winter s

\Wher e;

PP = Overwi ntering popul ation

winter

s = Monthly survival

E_ = Spring emgration

Since we have estimates of the July parr population, the fall enigration,
and the spring emigration, we can then solve for S. W then nultiplied the July
parr popul ation estimte by s® to estimate the nunber of snolts produced at the
study area. To conpare this estimate to the PIT tag detection estimte we
multiplied it by our estimate of migration survival to LGR pool fromPIT tag
detections to get an estimate of survival to LGR pool.

Creel Survey

W collected creel survey data on CR to evaluate angler harvest and
deternmine angl er inpact onanadromous parr popul ations. Creel survey data were
collected from may 26 to Septenber 29, 1990 fromthe mouth of CR to the forks.
Creel survey data were collected using nethodol ogies defined by N elsen and
Johnson (1983). Anal ysis was done using the |IDFG Fisheries Survey Manual
(McArthur  1990). No creel survey information was collected on the USR

RESULTS

Upper Sal non_Ri ver

Physi cal Habitat

Physical habitat data for 1990 have been entered into the IDFG physi cal
habitat data base. The nmanagenent of this data base is being handl ed by Idaho
Habi tat Evaluation for Of-Site Mtigation Record personnel and is reported in
Scully et al. (1991).
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Adul t Escapenent and Redd Counts

In 1990, 615 (167 fermales) of the 1,488 adult chinook captured at the
Sawtooth Fish Hatchery adult trap were released above the weir to spawn naturally
(Table 1). Rotenone fromthe fish eradication treatment of Yellowbelly Lake
escaped past the detoxification station, and 65 adult chinook were observed
killed. Additional adults may have been killed but not observed by the crew sent
in to assess the extent of the fish kill (ldaho Departnent of Fish and Game
1990).

A total of 107 chinook redds were observed during ground counts conpared
to the helicopter count of 60 (Table 1). However, 30 of the redds counted from
the ground were in our supplenentation sections, which are not counted fromthe
air.

In 1990, 358 adult steel head (114 females) returning to Sawtooth Hatchery
weir were released above the weir to spawn naturally (A sager 1990). An
additional 170 adult steelhead (105 fenmles) from Pahsinmeroi Hatchery were
rel eased into USR between Hell Roaring Creek bridge and Alturas Lake Creek on
April 19 and 20, 1990 (Table 2). On May 8, 1990, 56 steelhead redds were
observed from a helicopter during counts on USR from the Sawtooth Hatchery weir
to the uppernmpbst H ghway 75 bridge. W observed an additional four steelhead
redds during ground counts of other possible spawning areas on May 13 to 15,
1990.

Hat chery Suppl enentati on

In 1990, a total of 40 adult female chinook, 2,000 chinook parr, 105 adult
femal e steel head, and 311,057 adi pose-clipped steel head parr were outplanted into
the USR (Al sager 1990). Supplementation data for the brood years 1985 to 1990
are summarized in Tables 3 and 4.

The adult steel head were outplanted for general supplenentation. The adult
chi nook were outplanted by project personnel as part of our supplenentation
eval uation and were counted as part of the 33% of the adult chinook run rel eased
above the Sawtooth Hatchery weir to spawn naturally. The chinook parr were
outplanted in partial mitigation for the 4,202 age 0 chinook killed in the
rctenone acci dent.

Esti mat ed abundance of chinook parr produced fromthe 9 fermale adult
chi nook outplanted in 1989 was 2,304 + 1,833 (alpha = 0.05). The 2,000 chinook
parr were outplanted after we had conducted our snorkel counts and were not
included in parr abundance calculations. In the future, we will only outplant
adult chinook and steelhead in order to estimate egg-to-parr survival at
different adult escapement levels. In addition, our adult supplenentation data
will be incorporated into the Chinook Supplementation Evaluation Research Project
currently being devel oped.
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Table 1.

escapenent,

redd counts,
(in thousands) for upper Salnmon River,

and estimate of eggs deposited

brood year 1985 to 1990.

Chi nook Sal non

Brood Year

1985 1986 1987 1988 1989 1990
Tot al
escapenent 625 876 506 552 470° 615
Femal e
escapenent 180 248 252 275 73 167°
Hel i copt er
redd count 83 105 124 76 52 60
G ound
redd count 261 123 107
Eggs per
female? 4,530 5,156 5,399 5,653 5,456 4,501
Esti mat ed
eggs
deposited 815.4 1,278.7 1,360.5 1,554.5 671.1 481.6

2 wmber i S average eggs/femal e observed at

Chi nook escapenent

65 fish due to a rotenone kill.

Total escapenent,
Hat chery brood year reports.
and Game redd count

TABLES

femal e escapement,

reports.

Sawt oot h Fish Hatchery.

® Portions of the Sawtooth Fish Hatchery weir was pulled from June
12-16 due to high water and uncounted fish probably passed the weir.

above Sawtooth Hatchery was reduced by at

| east

and eggs/fenale data are from Sawt oot h
Redd count data are from I daho Department of Fish



Table 2. Adult steelhead trout escapenent, redd counts, and estimte of
eggs deposited (in thousands) for upper Salnmon River, brood
year 1985 to 1990.

Brood Year

1985 1986 1987 1988 1989 1990
Tot al
escapenent 206 1,956 979 635 378 5282
Femal e
escapenent 92 322 383 136 157 2192
Eggs per
female® 5,640 4,468 4,854 5,069 5,637 4,734
Esti mat ed
eggs
deposited 518.8 1,438.7 1,859.0 689.3 885.0 1,036.7

2 1090 totals include 170 adult steelhead (105 fenales) from Pahsi nmer oi

Hat chery released into the Salnmon River.

Total escapenent, female escapenent, and eggs/female data are from Sawtooth
Hat chery brood year reports. Redd count data are from |daho Departnent of Fish
and Game redd count reports. Pre-spawning nortality included.

TABLES
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Table 3. Upper Salnmon River chinook supplenentation, summary by
brood year 1985 to 1989.

Brood Year
1985 1986 1987 1988 1989 1990

Adul t

feml es 19 0 6 30 9 40
Eyed Eggs 0 0 28,000 56,530 0 0
Fry 0 0 48,000 326,000 0 0
Fal | parr 0 0 43,000 0 2,000 0
Snol ts 0 0 0 0 0 0

Table 4. Upper Salnon River steelhead supplenentation in thousands,
summary by brood year 1985 to 1989.

Brood Year
1985 1986 1987 1988 1989 1990
Adul t
Femal es 0 10.5 0 .83 0 1.1
Fry 1,276.5 832.4 678.6 537.7 361.0 0
Fal |l parr 0 0 0 0 0 311.1
Snol t's 0 0 0 0

TABLES



Parr Abundance

Estimates for total parr abundance from snorkel counts in the USR during
sumrer 1990 were: 14,267 + 7,485 (alpha = 0.05) age 0 chinook; 4,065 + 841 age
I+ steel head; and 1,310 + 527 age 2+ steel head. Densities of age 0 chinook were
the | owest observed since we began collecting data, except in the Sal non River
headwaters and in our supplementation evaluation strata (Table 5). Densities
of both age I+ and 2+ steel head were anmong the | owest observed by this project
(Table 6 and 7).

PI T Taggi ng

W PIT-tagged 1,082 chinook parr and 826 steel head parr in USR during
August.  These nunmbers were well below those tagged in 1989 (5,388 chi nook and
1,351 steelhead), primarily because of the |ow chinook parr densities in 1990.
Overal|l combined collecting, tagging, and 24-hour delayed nortalities were 1.0%
for chinook and 0.5% for steel head parr.

Data for the nmean lengths for parr collected in the USR are summarized in
Tabl e 8. In general, the chinook parr resulting fromadult outplants were
smal | er than chinook parr from natural spawners. (Discussed in Supplenmentation
section, page 50.)

Spring 1990 Emi gration Trapping

During spring 1990, we estimated the total emigration for chinook and
steelhead to be 23,918 + 10,085 and 5,314 + 2,876, respectively (al pha = 0.10).
We captured 1,942 chinook snmolts with an overall trapping efficiency of 8.1%
and 181 steel head juveniles with an overall trapping efficiency of 3.4% During
the later portion of the spring 1990 em gration period, we also captured 504

em grating sockeye/ kokanee 0. Nerka. If we assune that these fish were captured
by our trap with the sane trap efficiency as chinook smolts during this period
(€ .1%), then we can estinmate a run of 8,302 In spring 1990, chi nook and

steel head smolts had the same peak period of emigration with fair nunbers of
chinook emigrating before this peak period and fair nunbers of steelhead
emgrating after this peak period. The sockeye/ kokanee did not enmigrate until
the very end of the trapping season (Figure 3).

Estimated age conpositlon of steel head enmigrants was 27.6% (1,417) age 1,
37.0% (1,966) age 2, and 35.4% (1,881) age 3 and ol der. ( Not e: Juvenile
steel heah have a birthday in the spring, so age 2+ parr becone age 3 smolts,
etc.) Based on the summer 1989 parr abundance estimates (Kiefer and Forster
1990), we estimated that 15.4% of the chinook sunmer parr, 40.2% of age I+
steel head summer parr, and 57.7% of age 2+ and ol der steel head sunmer parr
emgrated in spring 1990.
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Table 5. Density (number/100 m?) of age O chinook in the upper
Sal mon River during July, 1987 to 1990.
Stratum 1987 1988 1989 1990
Sal non River
3,4 7.0 13.8 9.7 0.4
5,6 0.3 4.1 3.6 0.1
7 20.3 13.3 32.9 3.2
8 10.3 3.9 0.6 0
9 7.4 1.4 2.6 7.1
10 0.1 0 32.0 9.8
Sal non River
si de channel s
3,4 - 16.0 24.6 1.0
5,6 - 17.9 0.6 1.2
7 - 16.1 85.7 4.7
8,9,10 - 6.8 1.7 0
Pol e Creek
! 25.7 2.0 0.9 0
2 2.9 4.3 11.2 0.3
3 0 0.1 55.8 12.6
4 0 0 0.3 0
5 0 0
Al turas Lake
Creek
! 18.3 8.6 20.3 1.9
2 0.6 0.9 2.5 0.4
3 0.1 0 7.7 0.1
Smiley Creek
! 35.2 6.9 14.1 0.3
2 1.1 13.5 23.4 0
Beaver Creek
1 - 2.1 0.4 0
2 - 0.4 20.8 0.1
Frenchman Creek
! 0 0.6 4.0 0.4
2 0 41.4 109.5 10.2

TABLES



Table 6. Density (nunber/100 m?) of age |+ steel head parr in the
upper Salrmon River during July, 1987 to 1990.

Stratum 1987 1988 1989 1990

Sal mon Ri ver

3,4 0.1 0.2 <0.1 <0.1
5,6 <0.1 0.1 0 0
7 0.7 0.4 0.2 0.3
8 0.4 0.4 0 0
9 8.5 2.8 2.6 4.5
10 7.3 3.5 8.4 4.5
Sal non Ri ver
si de channel s
3,4 0.6 0.2 0.2
5,6 0 0 0
7 0 0 0
8,9, 10 0.3 0 0
Pol e Creek
1 3.0 2.1 0.1 0.2
2 5.1 0 0.5 0.3
3 0 0 0.3 0.2
4 1.3 4.8 0.8 0
5 0 0 0 0
Al turas Lake Creek
1 0.8 0.6 0 <0.1
2 0.9 0.4 0 <0.1
3 0 0.1 0.1 0.1
Smiley Creek
1 0.2 0 0.5 0.5
2 0 0.2 0.1 0
Beaver Creek
1 0.5 0.1 0.6
2 0.2 0 2.0
Frenchman Creek
1 1.8 0 1.5 2.6
2 0 0.1 0 0

TABLES
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Table 7. Density (nunber/100 m?) of age 2+ steel head parr in the
upper Salnmon River during July, 1987 to 1990.

Stratum 1987 1988 1989 1990

Sal nron R ver

344 <0.1 <0.1 0.1 <0.1

5,6 <0.1 <0.1 0 0

7 0 0.1 0.2 0.1

8 0.2 0.1 0.7 0

9 2.1 0.8 0.9 0.4

10 2.4 2.9 4.4 0.5
Sal non River
si de channel s

3,4 - 0 0.2 0

5,6 - 0 0 0

7 - 0 0.4 1.2

8,9,10 - 0 0 0
Pol e Creek

1 1.2 0.6 0.1 0

2 1.6 0 0.3 0

3 0.1 0 1.2 0.1

4 1.3 0.5 0.9 0.2

5 0.1 0.7 0 0
Al turas Lake Creek

1 01 <0.1 0.1 <0.1

2 0.5 0.3 0.1

3 0 0.1 0.1 0.1
Siley Creek

1 0.6 0 0.6 0.3

2 <0.1 <0.1 <0.1 0.1
Beaver Creek

1 - 0 0.1 0.4

2 - <0.1 0 0.3
Frenchman Creek

1 2.2 0.61 2.3 1.0

2 0 0.11 0.1 0

TABLES
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Table 8.  Mean lengths (nm) of PIT-tagged parr from upper Sal non
River, August 1990.

Chi nook Number Chi nook Nunber St eel head

out pl ant chi nook average steel head average
Tag site net hod neasured |enqgth neasur ed | ength
SR- 10 Nat ur al 99 81 281 130
SR- 3B Nat ur al 55 79 63 68
SR-7SA Nat ur al 25 87 2 64
SR-9 Nat ur al 70 79 274 132
SR-ACI C Nat ur al 407 76 30 125
SR-SC B Nat ur al 3 87 41 136
SR-FC B Nat ur al 7 92 25 133
SR- HC Nat ur al 5 75 23 105
SR-PCl B Nat ur al 13 89 84 133
SR- PC3B Adul t 516 53 0
SR-FC3A Adul t 347 56 1 132
Tot al Adul t 863 54
Tot al Nat ur al 684 78 824 126
Grand Tot al 1,547 65 824 126

TABLES
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Fall 1990 Enmigration Trapping

During fall 1990, we estinated the total emigration for chinook and
steelhead to be 9,490 + 1,757 and 2,710 + 1,973, respectively (alpha = 0.10).
We captured 1,738 chinook parr with an overall trapping efficiency of 18.3% and
413 steelhead with an overall trapping efficiency of 15. 2% Estinated age
conposition of steelhead enigrants were 36% (976) age 0, 21% (569) age 1+, and
43% (1,165) age 2+ The estinmted percentages of summer parr popul ations that
emgrated in the fall were 66.5% for chinook, 14.0% for age 1+ steel head, and
08. 0% age 2+ steel head. In fall 1990, bot h chi nook and steel head parr appeared
to emigrate during the entire period we sanpled (Figure 4).

During fall 1990, the Sawtooth weir trap also captured a |arge nunber of
adi pose fin-clipped hatchery steel head. These hatchery steel head were pre-
dominately fromthe outplant of 304,907 age ! parr released into the USR on
Cctober 5, 10, and 17, 1990. We captured a total of 23,244 of these hatchery
steelhead with an estinmated trapping efficiency of 18.9% and a total run estinate
of 122,984.

Dam Detections

Mean travel tine was calculated during the spring 1990 emgration from PIT-
t agged chinook and steelhead snolts captured at Sawtooth weir trap and |ater
detected at LGR Dam 748 km downstream Two distinct patterns for chinook travel
tine Were observed (Figure 5). Travel tine decreased from approxi mately 52 days
fromthe first day of trapping to about 37 days on April 22, and then quickly
dropped to approxi mately 23 days until the end of trapping. Wth the | ow nunbers
of smpblt-sized steel head captured in spring 1990, we did not have enough data
to develop a travel time curve for steelhead. An estimate of travel tine was
made fromthe 13 steel head detections at LGR Dam and travel tine was estinated
to be 33.8 + 8 days (al pha = 0.10).

The conbined PIT tag detection rates at the Lower Snake and Col umbia River
smolt collecting dans for the spring 1990 USR smits were 21.7% for chinook,
17.4% for sockeye, 0% for age 1 and age 2 steel head, and 25.0% for age 3 and
ol der steelhead (steelhead spring birthday). For the fall 1989 USR em grants,
the detecticn rates were 3.2% for chinook, 0% for age 1+ steel head, and 9.8% for
age 2+ and ol der steelhead. Detection data for the August 1989 Pl T-tagged parr

were summed by strata (Table 9). COverall, the smolt collecting dans collected
4,1% of the PIT-tagged chinook, 2.1% for the age 1+ steel head and 6.2% of the
age 2+ and ol der steel head parr fromthe August 1989 taggi ng. The younger

steelhead will rear another year or two before emgrating. The conbined PIT tag
detection rates for the smort tagged at the Snake River trap by Euettner and
Nel son (1990) were 64.4% for chinook and 79. 0% for steel head.

Qur PIT tag detection data indicates that LCR Damis not very efficient
at collecting sockeye saolts. In spring 1990, the first dam encountered by
smolt (LGR pam) detected 7.4% of the sockeye/ kokanee snolts we PIT-tagged from
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Table 9. Detections at the |ower Shake and Col unbia River snolt
col l ecting dams of August PIT-tagged parr from upper
Sal nron River, 1990.

Chi nook St eel head age 2+
Nunber Nunber Per cent Nunber Nunmber Per cent

Stratum tagged detected detected tagged detected detected

SR-3 604 17 2.8 39 2 5.1
SR-7 545 29 5.3 8 1 12.5
SR-9 781 43 5.5 92 5 5.4
SR-10 213 24 11.3 80 8 10.0
HC- 1 199 14 7.0 12 1 8.3
FC-1 81 8 9.9 16 0 0
FC-2 420 23 5.5 0 -

sCc-1 235 14 6.0 11 2 18.2
SCc-2 536 10 1.9 0 -

ALCG1 1,036 5 0.5 0

ALC-3 144 5 3.5 0 -

BC-2 276 14 5.1 0

PC-1 148 7 4.7 55 1 1.8
PC-2 161 9 5.6 8 0 0
TOTALS 5,379 222 2.1 321 20 6.2

TABLES



the USR  The next dam encountered (Little Goose Dam) detected 7.6%. Since the
smolts collected at LGR Dam are transported, for Little Goose Damto coll ect
virtually identical nunbers of USR sockeye/ kokanee snolts indicates that Little
Goose Damis nore efficient at collecting sockeye smolts.

To evaluate the relationship of snolt size to migration survival, we
cal cul ated smolt size and detection percentages (Table 10). In spring 1990, only
t hose chinook snolts from USR having a fork length of 100 nmor larger had a
significantly different (higher) PIT tag detection rate (alpha = 0.05) than the
other length groups analyzed. Only those steelhead snolts greater than 129 mm
(age 3 and ol der) (steelhead spring birthday) were detected at the snolt
collecting dans; presunmably the smaller (younger) steelhead will rear another
year or two before emgrating.

We were concerned that predation on natural chinook snolts by the hatchery
steel head smolts released into the Sal mon River just bel ow the Sawtooth Hatchery
weir may be causing significant nortality. W conpared PIT tag detection rates
of USR natural chinook emgrating before and after the steel head smolt releases
for the past three years and found no significant difference (alpha = 0.05).
Apparently, the hatchery steelhead snolts are not preying upon the natural
chinook snolts to any significant degree.

Survival Rates

Brood years 1987 through 1989 egg-to-parr survival rates in the headwaters
of the USR for adult outplants and natural spawners averaged 18.8% (Table 11).
Estinated egg-to-parr survival rates in the entire USR for naturally-spawning
chinook for five of the past six years averaged 4.8% (Table 12).

Two different nmethods were used to estimate parr-to-smolt survival in 1989
to 1990. The first used PIT tags and conparative detections at Lower Shake and
Col unbia River dans from our study and Snake River trap information (Buettner
and Nel son 1990) to estinmate survival to the head of LGR pool. The second nethod
used parr abundance and emigration trapping data to estimate nmonthly survival
and parr-to-snolt survival at the study area.

Using the PIT tag nethod for August 1989 parr, the estimated parr-to-snolt
survival to the head of LGR pool was 6.4% for chinook and 7.8% for age 2+ and
ol der steel head.

Parr-to-snolt survival estimates based on nonthly survival rates were 28.0%
for age 0 chinook and 90.2% for age 2+ and ol der steel head. To conpare the
monthly survival estimate to the PIT tag estimates, we used the spring 1990 PI T
tag estimates of USR smolts to LGR pool survival (33.7%for chinook and 31.6%
for steel head age 3 and ol der) (steelhead spring birthday) to estimate survival
rate to smolt at LGR pool; for chinook 28.0% X .337 = 9.4% and for steel head
age 2+ and older 90.2 X .316 = 28.5%
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Table 10. smolt length and PIT tag detection at | ower
Snake and Col unbia River smolt collecting
dans for upper Sal non River, spring 1990.

Chi nook
Nunber Nunber Per cent
Length (mm) t agged det ect ed det ect ed
< 80 126 27 21.4
80 - 89 479 93 19.4
90 - 99 375 87 23.2
> 99 83 28 33.7
Tot al 1,063 235 22.1
St eel head
Nunber Number Per cent
Length (mm) t agged det ect ed det ect ed
< 90 75 0 0
90 - 129 38 0 0
> 129 62 16 25.8
Tot al 175 16 9.1

TABLES
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Tabl e 11.

and natural spawners,

Estinated egg-to-parr survival
headwaters of the upper Salmon River adult outplants
brood years 1987 to 1989.

rates (% fromthe

Adul t Brood Years

origin Popul ation parameter 1987 1988 1989

Adul t Femal es Qut pl ant ed 5 30 9

out pl ants Egg Deposi tion 26, 995 169,590 50, 400
Parr Production 8,625 27,438 2,295
Egg-to-Parr survival 32.0 16.1 4.6

Nat ur al Redds Observed 0 6 4

spawner s Egg Deposition 33,918 22,400
Parr Production 8,500 2,759
Egg-to-Parr Survival 25.1 12.3

TABLES
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Table 12. Egg-to-parr survival rates for natural chinook in upper
Sal non River, brood years 1984 to 1989.

Brood Year

1984 1986 1987 1988 1989
Estimated egg
deposition in
t housands= 1,095-1 1,287.7 1,360.5 1,724.2 688.8
Parr
production
in thousands 73.5 65.7 70.3 88.0 14.2
Egg-to-parr
survi val 6.7% 5.1% 5.2% 5.1% 2.1%

2 From Tabl e 2.

TABLES
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In addition, we used detection rates for Pl T-tagged emigrants and Buettner
and Nel son's (1990) detection rates to estimate fall and spring emgrant-to-

snmolt survival at the head of LGR pool. For fall 1989 emigrants, we estimate
that 5.0% of the age O chinook emigrants and 12.4% of the age 2+ and ol der
steel head em grants survived to LGR pool. For spring 1990 em grants, the USR

to LGR pool survival rates were 33.7% and 31.6% for age O chinook and age 3 and
ol der steel head (steel head spring birthday), respectively.

W PIT-tagged 391 of the sockeye/ kokanee we captured in spring 1990. O
these fish, 68 were detected at the snolt collecting dans for a detection rate
of 17.4%. Fromthis detection rate and the detection rate of Snake River chinook
smolts tagged by Buettner (1990) (64.4%, we estimate that 27% of the sockeye/
kokanee survived to the head of LGR pool.

Smolt  Producti on

From our survival rate estimates we are able to estimate smolt producti on
fromthe USR to the head of LGR pool three different ways. The first uses the
survival rate estinates based on August 1989 PIT tagging for snolt production
estimates of 9,959 chi nook and 383 steel head. The second conbines the fall 1989
and spring 1990 enigration and survival rate estimates for smolt production
estimates of 11,124 chinook and 774 steelhead. The third nmethod uses the monthly
survival estimate adjusted for survival to the head of LGR pool for smolt
production estimtes of 14,683 chinook and 928 steel head.

Crooked River

Physi cal Habitat

Physical habitat data for 1990 have been entered into the | DFG physi cal
habitat data base. The management and initial analysis of this data base is
bei ng handled by Idaho Habitat Evaluation for Of-Site Mtigation Record
personnel and is reported in Scully et al. (1991).

Adult Escapenent and Redd Counts

Accurate adult escapenent numbers for chinook were available for the first
time fromCR with the conpletion of the weir and trap in summer 1990. In 1990,
the total adult chinook escapenent to CR was 27, with 9 of those being fenale.
The run extended fromJune 29 to Septenber 23, 1990 (M Gehee 1990). Two-thirds
of the run were transported to the Red River holding ponds, but were returned
and released on August 31 into CR just below the narrows (5 kmfromthe nouth).
Chinook female escapement and total egg deposition estinmates for 1985-1990 are
provided in Table 13.

SCANNRPT



Table 13. Estinmmated chinook salnon adult escapenent, redd counts, and
nunber of eggs deposited for Crooked River, 1985 to 1990.

Chi nook Sal non

Brood Year

1985 1986 1987 1988 1989 1990
Femal e
escapement? 16 14 27 43 15 95
Tr end
redd Count 10 9 17 27 3 b
G ound
redd Count 43 15 10¢
Eaas Dgzr
female 4,010 4,400 4,200
Esti mat ed
eggs |
deposi ted 67,536 59,094 108,270 181,503 66,000 399,000

® Fenmal e escapenent was estimated for 1985 - 1987 based on I/l ratio of female
escapenment to ground redd counts observed in USR, and 43/27 ratio of ground
to trend redd counts observed in 198. Femml e escapenent in 1988 and 1989 was
assuned to equal the ground redd count. Pre-spawning nortality included.

® See Discussion section of this report.

¢ Redd counts were conducted before 157 adult chinook (86 females) were

outplanted into Crooked River from Dworshak National Fish Hatchery.

Average nunber of eggs/female obtained from nearby Red River trapping

facility in 1985 and 1987. W used 1985 and 1987 average from brood years

for which data were not avail able.

TABLES



On Septenber 12, 1990, we counted 10 redds for the total probable spawning
area in CR and 0 redds for the traditional trend count reach (narrows to the
forks). The helicopter redd count of the traditional trend count reach on CR
was not conducted because we did not observe redds in the trend count area during
our ground count.

On April 15, 1990, a total of 258 adult steel head (167 femal es) were
outplanted fromthe bridge on CR Since the adult trap was not operable, we do
not know the natural escapement but believe it to be | ess than 25% of the total
escapenent .

On May 8, 1990, we conducted a helicopter steel head redd count on CR from
the narrows to the Orogrande townsite. W counted a total of 219 redds during
this aerial count. On April 23 and 24, we conducted ground redd counts for
steel head and observed 144 redds fromthe narrows to Orogrande and 36 redds in
the remai nder of CR. The data for steelhead in CR are not conplete enough to
estinmate escapement or egg deposition.

Hat chery Suppl ement ati on

Al though not part of our research investigations, hatchery supplenentation
of chinook and steel head in CR has occurred regularly during the project period
(Tables 14 and 15). Beginning in 1990, only adult chinook and steelhead will
be outplanted in CR so that we can eval uate egg-to-parr survival rates at
different seeding levels. In addition, our data will be incorporated into the
Chi nook Suppl ementation Eval uation Research Project.

In 1990, 258 adult steelhead (167 fenmal es) and 157 adult chinook (92
femal es) were outplanted into CR from Dworshak National Fish Hatchery. Si x
femal e chinook pre-spawning nortalities (2 transport nortalities) were observed
out of a total of 35 fenmle carcasses exanmined. Successful female spawners had
a nean egg retention of 16 + 9 (al pha = 0.10) eggs.

Parr Abundance

Chinook parr densities in 1990 were the | owest observed since data began
being collected in 1984 (Table 16). W estimated the CR age 0 chinook parr
abundance in 1990 to be 3,678 + 1,928 (al pha = 0.05).

St eel head age |+ parr densities in 1990 were the | owest or anmobng the | owest
observed since intensive snorkeling began in 1986, while age 2+ steel head
densities were in the md-range of values observed since 1986 (Table 17). e
estimated the CR steel head parr abundance in 1990 to be 2,344 + 644 age |+ and
1,843 + 611 age 2+ (al pha = 0.05).

In summer 1900, the Elk City Ranger District of the Nez Perce National
Forest contracted with Cearwater Bio-Studies of Sherwood, Oregon to conduct a
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Tabl e 14.

Crooked River

chi nook suppl enmentation in thousands,

summary by brood

year, 1985 to 1990.
Brood Year
1985 1986 1987 1988 1989 1990
Adul t
Fenal es 0 0 0 0 0 .92
Fry 349.7 0 200.1 401.5 0
Fal | parr 251.3 227.5 0 0 339.1
Smolts 0 0 199.7 300.4
Table 15. Crooked River steel head suppl enentation, summary by brood year, 1985
to 1990.
Brood Year
1985 1986 1987 1988 1989 1990
Adul t
femal es 1,522 0 468 0 0 167
Fry 0 87,750 0 0 0 0
Fal | parr 0 0 0 0 0
Smolts 140,825 158,538 201,325 88,000 214,633

TABLES



Tabl e 16. Density (nunber/100 m?) of age O chinook in Crooked
River, August 1986 to 1990.

Stratum 1986 1987 1988 1989 1990
Headwat er s <0.1 0.1 0
I 14.0 3.0 23.8 28.4 <0.1

I 1.1 16.5 19.7 19.7 <0.1
Canyon 8.0 10.3 1.0
[11 57.8 22.3 36.6 58.7 5.0

v 71.8 15.4 42.2 59.0 4.7

Rel i ef Creek 0.8 45.5 0
Ponds a® 62.9 3.2 65.4 206.1 0.6
Ponds B 268.0 8.1

2 |1n 1986 - 1988 the data for connected ponds was combined and is
reported here as Ponds A

TABLES
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Table 17. Density (number/100 m?) of age I+ and age 2+ steel head
parr for Crooked River, 1986 to 1990.
Stratum 1986 1987 1988 1989 1990
Age 1+ Steel head
Headwat er s 1.5 0.2 0.4
I 6.8 4.3 5.2 1.9 0.2
I 11.7 10.8 8.8 4.4 1.5
Canyon 11.4 4.1 1.0
11 6.2 6.1 10.3 6.5 2.5
IV 7.2 7.2 7.5 3.4 1.5
Relief Creek 19.1 5.2 0.2
Ponds a® 4.8 42.4 17.8 7.2 1.2
Ponds B 10.1 0.1
Age 2+ Steel head
Headwat er s 0.2 0.3 0.1
I 0.2 0.7 0.2 0.8 0.3
[ 1.1 3.7 0.4 1.4 1.3
Canyon 1.2 2.1 1.2
[11 0.2 2.8 0.5 1.8 1.4
IV 0.3 1.5 7.1 1.5 1.1
Relief Creek 0.6 1.8 0.1
Ponds A® 0.3 4.8 1.6 1.7 1.0
Ponds B - 2.2 0.3

2 In 1986-1988 the data for conected ponds was conbined and is

reported here as Ponds A

TABLES
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post-rehabilitation project survey of CR  This survey included snorkel counts
t o estimate parr popul ations by the ratio estimation nethod described by Hankin
(1984). dearwater BioStudies conducted snorkel surveys on 30.1% of the habitat
units that they identified for CR (Clearwater BioStudies Inc. 1990). They
estimated the anadronpus parr populations in CRto be 9,893 + 1,742 age O
chinook, 4,169 + 663 age I+ steel head, and 1,828 + 408 age 2+ steel head.

Creel Survey

During 1990, project personnel conducted a creel survey on CR to estimte
the proportion of the wild/natural steel head parr popul ation that is being
harvested. Fromthis creel survey, we estimate that 62% (2,018 + 1,638; alpha
= 0.05) of the age 2+ wild/natural steelhead popul ati on was harvested. In
addition, we estimated that 74% (4,829 + 2,643; alpha = 0.05) of the residualized
hat chery steel head snolts were harvested.

PI' T Taggi ng

We PIT-tagged a total of 767 chinook and 562 steel head parr in CR during
August.  These nunbers were bel ow those we tagged in 1989 (3,297 chinook and 925
steel head), primarily because of |ow chinook densities in 1990. W held all
tagged fish for 24-hour delayed nortality tests. Overall conbined collecting,
PIT tagging, and 24-hour del ayed nortalities for chinook and steel head were 3. 7%
and 0.9% respectively. The average length of chinook parr was simlar among
strata, except for fish from stratum | which were smaller (Table 18).

Spring 1990 Emigration Trapping

During spring 1990, we estimated the total emigration for chinook and
steel head to be 10,517 + 1,470 and 981 + 309, respectively (alpha = 0.10). W
captured 3,667 chinook smolts with an overall trapping efficiency of 32.0% and
119 steel head juveniles with an overall trapping efficiency of 12.1% In spring
1990, both chinook and steel head smolts from CR appeared to emgrate during the
same period (Figure 6). The graph of the run tining indicates that a significant
proportion of the smolt emigration may have occurred after we removed our trap
on May 24.

Estimated age conposition of steel head emi grants were 34% (336) age 1, 15%
(147) age 2, and 51% (500) age 3 and ol der (steelhead spring birthday). Based
on the sumer 1989 parr abundance (Kiefer and Forster 1990), we esti mated that
9. 7% of chinook parr, 1.5% of age 1+ steel head, and 13.5% age 2+ and ol der
steel head enigrated in spring 1990.
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Table 18. Average fork lengths (m) of parr from PIT tagging
strata on Crooked River, August 1990.

Chi nook St eel head
Nurber Mean Nunber Mean
Strata Measur ed Lensth Measur ed Lenst h
I 160 54 39 152
1 95 67 9 101
Canyon 141 70 136 135
i 218 67 81 121
v 201 66 290 121
Tot al 815 65 555 126

TABLES
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Fall 1990 Emigration Trapping

During fall 1990, we estinmated the total emigration for chinook and
steel head to be 1,622 + 216 and 1,008 + 512, respectively (al pha = 0.10). W\
captured 681 chinook parr with an overall trapping efficiency of 42.0% and 215
steelhead with an overall trapping efficiency of 21.3% In the fall 1990, the
majority of both chinook and steelhead parr from CR emgrated during a relatively
short time period in October (Figure 7). Estimated age conposition of steel head
em grants were 18% (181) age 0, 20% (202) age 1+ steel head, and 63% (635) age
2+ and ol der. The estinmated percentages of sunmer parr popul ations that
emgrated in the fall were 16.4%for chinook, 7.7% for age 1+ steelhead, and
34.4% for age 2+ and ol der steel head.

Dam Det ect i ons

Mean travel tine was calculated during the spring 1990 emigration from Pl T-
t agged chinook and steelhead snolts captured at Crooked River trap and |ater
detected at LGR Dam 266 km downstream Al 't hough there was considerable
fluctuation, we observed two different patterns for chinook travel time (Figure
8). First, we observed a progressive decrease in travel tinme from 79 days for
March 6 to about 32 days for May 8. From May 8 until the end of trapping (March
24), the travel tine fluctuated around 20 days. W had considerably fewer dam
detections for CR steelhead than for chinook, but in general, steelhead travel
time was |less than chinook. Although there was sone fluctuation, after a quick
decrease fromb59 to 18 days, steelhead travel tine slowy decreased to about 13
days (Figure 8).

The conbined PIT tag detection rates at the Lower Snake and Col umbia River
smolt collecting dams for the spring 1990 CR snolts were 25.9% for chinook, 0%
for age 1 steelhead, 5.6%for age 2 steel head, and 39.3% for age 3 and ol der
steel head (steelhead spring birthday). For the fall 1989 CR emigrants, the
detection rates were 4.0% for chinook, 0% for age I+ steelhead, and 17.9.% for
age 2- and ol der steelhead. Detection data for the August 1989 PIT-tagged parr
were summed by strata (Table 19). Overall, the smolt collecting dans collected
3.1% of the PIT-tagged chinook, 3.4% of the age I+ steel head, and 9.9% of the
age 2+ and ol der steelhead parr fromthe August 1989 tagging. The conbined PIT
tag detection rates for the snolts tagged at the Clearwater River trap by
Buettwrer and Nel son (1990) were 54.6% for chinook and 70.4% for steel head.

To evaluate the relationship of snplt size to migration survival, we
calcul ated snolt size and detection percentages (Table 20). As in USR only
those chinook smolts from CR having a fork length of 100 nrmor larger had a
significantly different (higher) PIT tag detection rate (al pha = 0.05) than the
other length groups anal yzed. For steelhead, predoninately only those |arger
than 129 mm (age 3 and ol der) (steelhead spring birthday) were detected at the
smolt collecting dams; presunably the snaller (younger) steelhead will rear
anot her year or two before mgrating.
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Tabl e 19. Detections at the |ower Snake and Col umbia R ver
smolt collecting dans of August PIT-tagged parr
from Crooked River, 1990.

Chi nook St eel head age 2+

Nunber Nunmber Per cent Nunber Number Per cent
Stratum tagqged detected detected tagged detected detected

CR-1 460 23 5.0 33 1 3.0
CR-11 530 18 3.4 21 2 9.5
CR-I11 1,395 24 1.7 53 5 9.4
CR-1V 772 27 3.5 89 15 16.9
CANYON 282 16 5.7 56 2 3.6
RELI EF C 408 1 2.7 11 1 9.1
TOTALS 3,847 119 3.1 263 26 9.9

TABLES



Table 20. smolt length and PIT tag detection for Crooked River,
spring 1990.
Chi nook
Nunber Nunber Per cent
Length (mMm) tagged det ect ed det ect ed
< 70 24 7 25.9
70 - 79 349 82 23.5
80 - 89 709 180 25.4
90 - 99 367 101 27.5
> 99 34 15 441
Tot al 1,483 385 26.0
St eel head
Number Nunber Per cent
Length (M) tagged det ect ed det ect ed
< 90 45 0 0
90 - 129 13 1 7.7
> 129 61 24 39.3
Tot al 119 25 21.0

TABLES



Survival Rates

Chi nook egg-to-parr survival rates for CR were calculable for the first
time With brood year 1989 parr. In 1989 we had an adult fenale chinook
escapenment estimate of 15 and an average of 4,400 eggs/female for an estimated
egg deposition of 66, 000. The best estinmate of the 1990 CR chi nook parr
popul ation is 9,893 (Cearwater BioStudies Inc. 1990) for an estimted chinook
egg-to-parr survival rate of 15.0% In 1991, we will be able to make our first
estimate of the steel head egg-to-parr survival in CRwith the brood year 1990
parr.

Two different methods were used to estimate parr-to-snolt survival in 1989
to 1990. The first used PIT tags and conparative detections at Lower Snake and
Col unbia River dans from our study and Shake River trap infornmation (Buettner
and Nel son 1990) to estimate survival to the head of LGR pool. The second nethod
used parr abundance and emigration trapping data to estimate nonthly survival
and parr-to-smolt survival at the study area.

Using the PIT tag nethod for August 1989 parr, the estimated parr-to-snolt
survival to the head of LGR pool was 5.7% for age O chinook, 4.8%for age I+
steel head, and 14.1% for age 2+ and ol der steelhead. A mpjority of the age |+
steelhead will rear another year before emgrating.

Parr-to-snolt survival estimates based on nonthly survival rates were 12.1%
and 10.7% for age 0 chinook and age 2+ and ol der steel head, respectively. To
compare the nmonthly survival estinmates to the PIT tag estimates, we used spring
1990 PIT tag estimates of CR snolts to LGR pool survival (46.3% for chinook and
55.8% for steelhead) to estimate survival rate to snolt at LGR pool: for chinook
12.1% x . 463 = 5.6%; 10.7% X .558 = 6.0% for steel head age 2+ and ol der.

In addition, we used detection rates for PIT-tagged enigrants and Buettner
and Nel son's (1990) detection rates to estinmate fall and spring enmigrant-to-

smolt survival at the head of LGR pool. For fall 1989 em grants, we estimate
that 7.3% of the age 0 chinook emgrants and 25.4% of the age 2+ and ol der
steel head emigrants survived to LGR pool. For spring 1990 emgrants, the CRto

LGR pool survival rates were 46.3% for age 0 chinook, 8.0% for age 2 steel head,
and 55.8% for age 3 and ol der steel head (steel head spring birthday).

Snol t  Production

From our survival rate estinates, we are able to estimate smolt production
fromCR to the head of LGR pool three different ways. The first uses the
survival rate estimtes based on August 1989 PIT tagging for snolt production
estimates of 5,811 chinook, 466 for age I+ steel head, and 641 for age 2+ and
ol der steelhead. The second conbines the fall 1989 and spring 1990 enigration
and survival rate estimates for smolt producti on estimates of 5,811 chi nook and
314 steelhead. The third method uses the nmonthly survival estimte adjusted for
survival to the head of LCGR pool for smolt production estimates of 5,709 chinook
and 273 steel head.
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DI SCUSSI ON

Physi cal Habi t at

Anal ysis for correl ations between physical habitat, parr densities, and
smolt production will be conducted in w nter 1992.

Adult Escapenent and Redd Counts

The adult weirs at both study sites allow us to obtain accurate escapenent
numbers.  These accurate escapenent nunbers are a critical part of our efforts
to determne the relationship between adult escapenent and snolt production.

The ground and helicopter redd counts al so provide us with inportant
information. Since we are working in study areas with known escapenents, we are
abl e to estimate the efficiency of each method in counting redds. Qur data
indicates that a total ground count just after the peak spawning tine can
accurately estimate chi nook escapenent with an assuned fenale to redd ratio of
1:1. This has all owed us to estimate total fenal e chi nook escapenent in CR
before the adult trap was built in 1990 and in the USR in 1989, when hi gh water
forced Sawtooth Hatchery personnel to remve weir panels for a week.

The redd counts also tell us where spawning has occurred. This information
allows us to estimate egg-to-parr survival rates for natural chinook spawners
in headwater tributary streanms, and tells us where we should concentrate
collection efforts for parr PIT tagging.

Chi nook and steel head escapenents during the period of analysis (1984 to
1990) have been variable, but typically |less than 25% of estinmates of full
seeding (ldaho Departnent of Fish and Game 1990) for both study areas.

Data indicates that the preferred chinook spawning areas in CR nay be
changing in response to some of the habitat rehabilitation work conducted there.
Apparently, gravel cleaned during the habltat work in the |ower neander section
has encouraged the adult chinook to spawn in these areas and not in the upper
meadow where they had traditionally spawned in the greatest nunbers.

We hypot hesize that there is a more natural conponent of the USR chi nook
popul ation that spawns higher up in the drainage than the nore hatchery-
i nfluenced conponent. The evidence for this hypothesis conmes fromthe foll ow ng
three sets of data. First, during the period of our study (1987 to 1990), we
have observed a binopdal distribution in the areas selected by adults for
spawni ng. One concentration of spawning occurs just above the Sawtooth Hatchery
weir and the other centers around the confluence cf Alturas Lake Creek and the
Sal mon River. Second, we have estimated a nuch higher egg-to-parr survival rate
from those chinook adults spawning higher up in the drainage. Third, in 1989,
Robin Wapl es of the NMFS conducted el ectrophoretic analysis on chinook parr
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collected fromthe Salnon River, just upstreamof Alturas Lake Creek and from
Sawt oot h Hatchery, and found significant differences at five different gene | oci
(Robin Waples, National Marine Fisheries Service, personal conmunication).
However, the greater egg-to-parr survival rates in the headwaters could be a
result of better habitat, and the genetic study could have been biased if the
natural parr analyzed came fromjust a few adults. Data fromour adult outplant
evaluations indicates that habitat is the prinmary reason the headwater spawning
chi nook have a greater egg-to-parr survival. However, the natural spawners in
the headwaters typically have a slightly greater egg-to-parr survival than the
adult outplants, and even though this difference is slight, the consistency
suggests a possible genetic difference. We know that in 1988 there were
approxi mately 34 chinook redds in the Salnon River just upstreamfrom Alturas
Lake Creek where we collected the parr for Robin Waples' analysis, so bias
resulting from parr coming fromonly a few adults probably did not occur.

Hat chery Suppl enment ati on

Adul't outplants of chinook in the USR headwater streans resulted in simlar
egg-to-parr survival as naturally-spawned fish when corrected for seeding levels
(Figure 9). Based on this information, we believe we will be able to use adult
outplants to help develop adult escapement to parr production curves at seeding
| evel s above what can be observed for natural populations during current |ow
natural escapenent |evels. Suppl ementation with other life stages will be
discontinued in both study areas, except where incorporated into the
suppl enentation research project currently being devel oped.

The significantly (alpha = 0.05) smaller size of chinook parr produced from
adult outplants in upper Frenchman Creek (x = 56 mm) and upper Pole Creek (x =
53 m) as conpared to naturally-produced headwater USR parr (x = 81 mm probably
resulted fromthe late spawning and/or colder water. The adults used for this
suppl enmentation were taken fromthe very end of the run (late July) to ensure
t hey woul d spawn soon after outplanting, whereas natural spawners in the USR
headwaters in the past several years must be early-returning fish to get above
t he Busterback diversion before the diversion conpletely dewaters the stream
(typically late June). The linmted tenperature data we have collected on the
headwat er streams (mi d-day tenperatures taken during snorkel counts and PIT
taggi ng operations) indicate that the headwaters of the Salnmon River (above
Frenchman Creek) is warner (x = 12.4°C) than either upper Frenchman Creek (x =
10.6'C) or upper Pole Creek (x = 9.1°C).

Overall, chinook parr densities during the study period 1987 to 1990 appear
to be closely related to adult escapenments and supplenmentation levels. In 1990,
chi nook parr abundance in both study areas were the | owest observed since we
began collecting data in 1984. This can be directly attributed to the | ow
natural escapenents in 1989, low | evel s of supplenentation, and the | ow egg-to-
parr survival observed in the USR. W do not know what caused this |ow egg-to-
parr survival. One possibility is that |ow water |evels caused by several
consecutive drought years may have resulted in heavy scour ice which crushed the
eggs in the gravel.
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St eel head parr popul ations dropped in both study areas with the elinination
or reduction in supplenmentation. However, the drop was not major, indicating
that survival of fry outplants were possibly low W will be able to nake our
first estimate for egg-to-parr survival for steelhead after the 1991 field season
because of the elimnation of fry outplants.

Creel Survey

CQur data indicates that exploitation of wild/natural steel head may be high
in natural production areas. During 1990, project personnel conducted a creel
survey on CR to estimate the proportion of the wild/natural steelhead parr
popul ation that is being harvested. To estimate the nunber of age 2+ steel head
present at the beginning of the fishing season, we added our snorkel count
estimate to the estinmated harvest of wild/natural steelhead during the first
interval of the creel survey (Appendix 1) and assuned that natural nortality
was mnimal during this period. Fromthis creel survey, we estimate that 62%
(2,018 + 1,638; alpha = 0.05) of the age 2+ wild/natural steelhead and 74% (4, 829
+ 2,643; alpha = 0.05) of the residualized hatchery steel head snolt popul ations
were harvested. The estimates of harvest are believed to be inflated due to the
only weekend days sanpled in May and June being the season opener and free
fishing day. These two days in all probability had a higher level of effort and
harvest than a typical weekend day during this interval and coul d cause an
overestimate of harvest and effort. Qher researchers have estimated that angler
harvest can renpve a large portion of steelhead age 2+ parr popul ations (23-87%
(Pollard and Bjornn 1973, Thurow 1987, and H |l man and Chaprman 1989).

If regulations were inplemented in CR that would protect age 2+ wild/
natural steel head, we would expect around a 40% i ncrease in steel head smolt
production. This estimate of potential benefit is based on the assunptions that
the actual exploitation is half of our estimate of 62% and that current
popul ation levels are so |ow that density-dependent nortality is not a factor.

Extreme caution is urged in using the harvest point estimates. Precision
is very lowwth the 95% confidence interval being |10-fold in range; i.e. harvest
for wild/natural steelhead of 12%to 112%. We show estimates to illustrate that
this is an area that should be addressed. A more intense creel census with
better estimates of emigration fromtributaries to CR wuld allow for nore
precision in estimates.

PI T Taqging

The nunbers of chinook and steel head parr PlIT-tagged from both study areas
in 1990 were bel ow what we estimate i S necessary to obtain enough detections at
the dans for good statistical conparisons. The primary reasons for the |ow
nunbers were that chinook densities were too low to make collecting efficient
and, because we spent nore time collecting chinook, less tine was available for
collecting steel head. Also, the steel head popul ati ons were slightly | ower.
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Qur data suggest there may be a bias in conparing Pl T-tagged parr in
streans to those tagged in hatcheries due to either higher nortality or tag |oss
of stream fish. PIT tag data used for calculating survival rates should be
viewed with possible limtation.

In all years we PIT-tagged in both study areas (1988 to 1990), the
natural | y-produced chinook parr fromthe USR were significantly larger (al pha
= 0.1 than those fromCR This is contrary to what elevation and thermal units
for growth would predict. Possi bl e explanations are the higher conductivity
(more productivity) in USR and genetic differences in stocks.

For the first time in CR, PIT-tagged chinook parr froma stratum (stratum
) were significantly different (smaller) fromthe other strata. This is nost
likely a result of our collecting many of the stratum | parr from the hatchery
pond headboxes where they had been trapped with little incom ng food.

Short-term (24-hour) nortalities for PIT tagging operations were well
within our goal of less than 5%, and were sinmilar to other PIT tagging studies
(Prentice et al. 1986; Matthews et al. 1990).

We believe there may be a higher long termPIT tag nortality in the wild
than has been observed in hatchery studies. Qur first indication of this was
that parr-to-smolt survival rates we calculated fromPIT tag detections were
| ower than expected. In addition, our trap tenders observed previously PIT-
tagged fish coming into the traps dead or dying. To determine if there was a
problemw th long-termPIT tag nortalities, we used our trap recaptures of PIT-
tagged parr in an adjusted Peterson mark recapture analysis to estimate the
sunmmer parr popul ations. In all trap data analyzed (fall 1988 to fall 1990),
t he nunber of chinook recaptures were |arge enough (except for fall 1988 Sawt ooth
trap) to avoid serious statistical bias (>4), and the popul ati on estimates were
from1l.6 to 6.8 (x = 3.7) tines greater than the snorkel count estimtes. W
believe this indicates a serious error in the assunptions that marked and
unmarked fish suffered the same nortalities. Two other factors may be
contributing or causing error with this assunption. First, the fish nay be
| oosing the tags in significant nunbers. Second, if a tag is cracked during
inplantation, it will fail when body fluids seep into the tag. Hatchery studies
with chinook parr (Prentice et al. 1986; Kiefer and Forster 1990) di d not observe
significant nortalities, tag loss, or tag failure.

If PIT tags are underestimting parr-to-smolt survival in the wild, it is
a serious problemfor fish nanagement agencies and needs to be addressed as soon
as possible. W are planning a series of field tests to determine if there is
additional nortality, tag loss, or tag failure. Qur approach will be to block
off a side channel in each study area during August. We will snorkel each of
the side channels three times to get an accurate estinmate of the chinook parr
popul ation present. W will then seine and electrofish until we have captured
approximately 67% of the popul ation. W will then anesthetize and fin clip
(upper caudal |obe) 33%of the population and PIT tag and fin clip (Il ower caudal
| obe) another 33% of the popul ation.

Qur trap tenders will walk the section every day (morning and evening) and
collect any nortalities observed. 1In late Cctober, we will seine and electrofish
each section until we are no longer capturing significant numbers of fish. we
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will check all fish collected for fin clips and will scan themwth PIT tag and
coded wire tag detectors. The coded wire tag detectors will detect non-
functional PIT tags in the parr. Wth this study, we hope to determne if there
is significant nortality, tag loss, or tag failure with PIT-tagged parr in the
wild during their sunmmer rearing phase.

Spring Em gration

Contrary to what we expected, smolts from the USR began enmigrating in
significant numbers before smolts from CR during the two years we have data for
(1989 and 1990). W had hypot hesi zed that since CRis lower in elevation and
has earlier increases in discharge and water tenperature that the snolts woul d
begin emgrating earlier. However, in the past two years, 50% of the chinook
smolts from USR emigrated by March 30, 1989 and April 3, 1990, whereas from CR,
the dates were April 11, 1989 and April 17, 1990. A possible explanation for
this is the greater distance to travel to the ocean may have selected for stocks
that leave earlier fromUSR In 1991, we will begin to operate the Sawtooth weir
trap before the Crooked River trap to nake sure we are not missing part of the
USR run.

The data suggests that we may have missed a major portion of the steel head
smolt emigration and possibly some chinook from CR in spring 1990. The smolt
em gration curves in 1990 suggest that smolt emigration may have continued in
significant nunbers past |late May when we have ended our trapping operations.
St eel head smolt production estimate data indicates we may have missed a
significant portion of the steelhead emgrants. These estimates i ndi cate more
steel head snmolts were produced than both fall 1989 and spring 1990 st eel head
em grants conmbined. This apparent extension of the spring smolt enigration from
CR did not occur in 1989. In 1991, we Will continue to trap until mid-June in
CR unless trap data indicates that snmolt emigration is conplete.

Chi nook, steelhead, and sockeye/ kokanee snolts apparently key in on the
same stimuli for springtime emigration (Figure 3). The data suggests that the
approach of mmjor storm events may be the most inmportant stinulus for springtinme
emgration (Figure 10 and 11). Starting in spring 1991, we will collect daily
baronmetric pressure data during our emigration trapping season to determne if
there is a correlation between rapidly falling barometric pressure and increases
in smlt emgration.

Steel head data indicates that in 1989, there may have been significant
steel head parr production in small USR tributaries that we do not currently
sanple. The nmin evidence of this is that em gration totals were about equal
to our August snorkel count estimates. Either summer 1989 to spring 1990
survival was amazingly high, or significant production occurred in smaller
tributaries. In August 1989, while collecting parr for PIT tagging, we observed
significant steel head populations in |ower Huckleberry Creek, one of the smaller
tributary streans we do not currently snorkel. During winter 1992, we will
eval uate the 1991 data and deternmine if we need to increase our snorkel count
efforts in USR to determne parr production from snaller tributary streans.
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Fall Emgration

Qur data indicates that higher elevation (harsher climate) streans will
have a higher percentage of parr emgrate in the fall. The 1988 to 1990 averages
of chinook and age 2+ and ol der steel head parr enmigrating in fall fromCR were
15% and 17% respectively, while both chinook and age 2+ and ol der steel head
fromthe USR averaged 62%. In both study areas, fewer age I+ steel head enigrated
in the fall than age 2+ and ol der steel head, and a higher percentage of age I+
steel head em grated fromUSR (14% than fromCR (5%.

In fall 1990, a hi gher percentage of all parr groups (except CR chi nook)
emgrated than in the previous tw years, and the percent of CR chinook were
close to the highest. If the availability of suitable overwinter habitat was
the key, then we would have expected | ower percentages because the parr
popul ations in 1990 were much lower than the pervious two years. One possible
explanation is the natural fish are nore likely to emigrate in the fall, and with
the large reduction in supplementation for 1990 parr, the overall percentage of
fall emgrants increased. Another possibility is that the fish may be responding
to environmental cues indicating the potential for a harsher winter in 1991.

As in the spring emgration, it appears that both chinook and steel head
key on simlar stinuli for emgration (Figures 4 and 7). Qur data suggests that
spring emgrants begin moving just before the arrival of storm events, whereas
em gration during the fall appears to cue predoninately on sharp drops in water
temperature (Figures 12 and 13).

Qur data also indicates that CR has a well-defined period of fall
enmigration, whereas in the USR the fall enmigration is more drawn out and
variable (Figures 4 and 7). In fall 1991, we will begin operating the Sawt ooth
weir trap two weeks earlier than we did in 1990, and possibly extend trapping
until the niddle of Novenber.

Dam Det ecti ons

Detections of PlIT-tagged smolts at LGR Dam allows us to deternmine nmigration
characteristics of chinook and steel head smolts from both study areas. As in
previous years at LGR Dam the majority of the total chinook run (predomni nately
hatchery fish) arrived earlier than the natural fish from CR and USR (Figure 14).

Unli ke 1989, CR and USR chi nook smolts had very simlar timngs of arrival
at LGR Dam (Figure 15). This may be a result of the USR chinook being del ayed
in LGR pool because flows at LGR Dam were reduced to the mid-40 kcfs range during
the mddle of May when they normally arrived at LGR Dam \Wen the flows finally
increased in late May, PIT-tagged chinook from both study areas were detected
in large nunbers for a few days (Figure 15). This suggests that the chinook
smolts from both study areas were delayed until the flows increased. Detections
of wild/natural spring chinook PlIT-tagged by NVFS in other |daho streans al so
showed this sane basic pattern of arrival at LGR Dam (Steve Achord, Nati onal
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Marine Fisheries Service, personal conmunication). This indicates that the
wi | d/ natural chinook from the upper Snake River were delayed in LGR pool until
unusual Iy heavy spring rains increased flows.

As in previous years, the natural steelhead snolts from CR and USR arrived
at LR Damwithin the last major peak of all wild/natural steelhead (Figure 16).

In all years studied, increases in flows at LGR Dam corresponded with peaks
of arrival at LGR Damfor all PIT-tagged smolt groups. This also suggests that
only at the higher flows at LGR Dam are velocities sufficient for snolt
m grations.

The detection of USR sockeye/ kokanee snolts at a rate similar to USR
chi nook suggests that they are truly enmigrating to the ocean and not just
"drifting out" of Alturas Lake. This raises the possibility that if snmolt-to-
adult survival could be increased, a sockeye run could be reestablished in
Al turas Lake.

The indicated | ower collection efficiency for sockeye snolts at LGR Dam
may partially be a cause for the declines of Salmon River sockeye runs. If this
is true, then flows and passage are probably nmore critical to the recovery of
Sal ron River sockeye than collection and transportation.

Survival Rates

Estimated overal |l egg-to-parr survival rate for brood year 1989 chinook
inthe USR (2.1% was bel ow the other four brood years studied (Table 12) and
about 1/7 of that observed fromother |daho streans (Scully et al. 1990). Wth
the | ower escapenent in 1989 and the subsequent reduction in conpetition, we
expected higher survival. Lower egg-to-parr survivals were also observed in
headwat er adult outplant and natural spawni ng areas, but not in Sawtooth
Hatchery.  One possible explanation for the |ow chinook egg-to-parr survival in
the USR may have been that, after four years of consecutive drought, wintertime
flows were much |ower than normal, and nortality on eggs caused by scour ice was
greatly increased.

W hypot hesize that at least part of the reason the five-year average of
USR chi nook egg-to-parr survival (4.8% is about /3 that of other |daho streans
is that uncounted fry enmigrate fromthe study area during the spring. W have
observed significant nunbers of chinook fry in our fish trap, which has screens
with openings too large to effectively capture fry. Beginning in spring 1991,
this project will fund a University of ldaho G aduate Study to evaluate the
magni t ude of chinook fry emigration and their contribution to the snolt run.

Estimated egg-to-parr survival rate for brood year 1989 chinook in CR (15%
was simlar to what Scully et al. (1990) observed in other Idaho streans. W
have not observed significant chinook fry emgrations from CR with our trap
there. [Egg-to-Parr survival rates for steelhead will be calculable for the first
time after the August 1991 parr abundance estinmates are made.
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W have consistently observed greater chinook egg-to-parr survival from
redds constructed in the headwaters of USR than in the mainstem Three factors
are probably contributing to this difference. First, we believe that the |ow
gradi ent meandering headwater streans are better juvenile chinook rearing habitat
than the predoninately fast runs found in the mainstem Second, we hypothesized
earlier that a nore natural and successful conponent of the chinook run is
sel ecting the headwater areas for spawning. Third, we hypothesize that a
significant proportion of the fry produced in the nainstem em grate out of the
study area immediately after sw mup.

Qur three estimates of chinook parr-to-smolt survival to the head of LGR
pool ranged from6.4%to 9.4% (X = 7.69% for USR and 5.6%to 5.7% (x = 5.7% for
CR. For age 2+ and ol der steelhead, the parr-to-snolt survival to the head of
LGR pool ranged from7.8% to 28.5% (x = 20.0% for USR and 6.0%to 14.1% (X =
9.0%) for CR For the two migratory years studied (1989 and 1990), t he USR
chinook had a higher parr-to-snolt survival than those fromCR This is contrary
to what we expected based upon the greater distance the USR parr must migrate.
However, we have observed a greater proportion of the chinook parr collected for
Pl T-tagging from CR having bl oated bodies which is an indicator of BKD.

For steel head, our age 2+ and ol der parr-to-snolt survival calculations
based upon emigrant trapping data may be biased. Qur data indicates that on CR,
we are not sanmpling a significant portion of the steel head emigration, and on
USR, we appear to be getting significant steelhead production out of the smaller
unstudied tributary streans. These two biases make it appear that the USR age
2+ and ol der steel head are surviving at a greater rate than those from CR
However, PIT tag detection rates for all steelhead groups have been consistently
greater for CR than USR, and we believe that CR steelhead are truly surviving
at a higher rate than those fromthe USR

A major objective of this project is to develop adult escapenent-to-snolt
production curves for both chinook and steel head. Once the graduate project on
the USR determines the proportion of the chinook that emigrate out of our study
area, we Will be able to develop the relationship between adult escapenent and
parr production in our study areas at |lower seeding levels. Wth our success
with adult chinook outplants, and if enough adults are available for
suppl ementation, we will be able to use adult outplants to define the portion
of the curve at mddle and higher seeding levels. W expect the results to be
a Beverton-Holt type curve for adult escapenent to parr production.

When we can at |east determine the extent of the bias in PIT tag estimates
of parr-to-snolt survival rates, we will be able to develop parr-to-snolt
production curves for both chinook and steel head. We expect the relationship
bet ween parr popul ations and smolt production to be linear at all but the highest
density levels. At extremely high density levels, we believe there will be a
reduction in parr body condition and a conpensatory reduction in the parr-to-
smolt survival rate.

I f enough adult chinook are available for supplementation at high
densities, we should be able within the next three years to devel op adult-to-
smolt production curves for chinook at both study sites. However, we are not
sure if our sanple size will be large enough to develop one curve that will be
applicable to the rest of the anadronous streanms in |daho.
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For steel head, we do not know at this time if we will be able to
successfully use adult outplants to evaluate egg-to-parr survival at niddle and
hi gh escapenent |evels. Wthin the next three years, we should be able to
devel op the | ow seeding level portion of the adult steel head escapenent-to-snolt
production curve, and the niddle to high portions are dependant upon our success
with adult outplants.

The chinook parr resulting from natural production in the USR headwaters
had a higher estimated parr-to-snmolt survival (10.9%) than any other USR group.
For the different chinook supplenentation techniques we tested during migratory
year 1990, we estimated the follow ng parr-to-smolt survival rates: adult 8.5%
eyed-eggs 7.3% fry 5.7% and parr 0.8% The parr outplants tested may have had
such a dismal survival as a result of a possible BKD outbreak, possibly made nuch
worse by being outplanted in warm weat her.

For the second straight year, the Busterback diversion on the Sal non R ver
apparently did not cause additional nortality to emgrating juveniles. W
recently learned that Busterback Ranch released water through the adult |adder
on their Salnon River diversion at night. Al'though this release regine
apparently did not inprove adult passage, it was nost likely responsible for the
improved juvenile survival. This diversion blocks adults from reaching the |ower
gradi ent headwater streams where we have observed an average of four times the
egg-to-parr survival rates than in other parts of the USR study area.

Smolt  Production

The three different nmethods used for chinook smplt production estinmates
to the head of LGR pool yielded reasonably precise results for both study areas:
CR ranged from 5,709 to 5,811 (X = 5,777) and the USR ranged from 9,959 to 14, 683
(x = 11,922). The smolt production estimates to the head of LGR pool for
steel head were nuch nore variable. We believe the variability in the estimates
of steelhead smolt production were probably caused by the steel head sanpling
errors discussed in the previous section. Al though the estinmates of chinook
smolt production were reasonably precise, we believe they are probably bel ow the
actual production as a result of the biases discussed in the PIT tagging section.
Even if we assune that the true snolt productions were four times our estinates
(as the mark-recapture estimate suggests), the results are still less than 25%
of the Subbasin Plans' estimates of potential smolt capacity (ldaho Depart nment
of Fish and Gane 1990; Nez Perce Tribe of |daho 1990).

RECOMVENDATI ONS

1. Data on wild/natural chinook arrival tine at LGR a reevaluation of the
current water budget, snolt collection, and transport policies should be
considered. The NWMFS and our PIT tag detection data from LGR Dam indi cates
that the Snake River stocks of wild/natural spring chinook snolts arrive
at LGR Dam later than the bul k of hatchery snolts. Current water budget
decisions are based primari ly upon when the bulk of the smolts (hatchery

9CANNRPT

65



smolts) arrive at LGR Dam NWS and our data al so suggest that the water
budget procedures in 1990 may have actually further del ayed Snake River
wi | d/ natural spring chinook smolts during part of their peak emgration
peri od.

Qur limted PIT tag data from sockeye/ kokanee smolts suggests that LGR Dam
is not very efficient at collecting sockeye snolts. W recommend t hat
flows and passage, not collection and transport, would have the best
potential to help rebuild the critically low stocks of Snake River sockeye.

2. We recommend continued efforts to reduce stream flow probl ens associat ed
with the Busterback and Alturas Lake Creek diversions. Qur findings
indicate this would result in an increase in the snolt production of the
USR.  Resolution of these flow problens would allow nore chinook adults
up into the headwaters spawni ng areas where hi gher egg-to-parr survival
occurs, and allow for better parr-to-smlt survival for those chinook and
steel head parr rearing above these diversions.

3. Addi tional instreamflows shoul d be considered for Pole Creek. During |ow
water years, the water tenperature rises above levels optimal for sal nonids
in Pole Creek between the diversion and the discharge point for the water
used to power the Henslee's sprinkler system Fi ndi ngs show that nost
sal moni ds move out of this area to avoid the high tenperatures, and those
that stay suffer from reduced growth rates. An alternate neans to provide
electricity to power Henslee's sprinkler systemwould allow the water now
used to power this systemto be left in the stream This should increase
the rearing potential of this stretch of Pole Creek and inprove the growth
rate of salnonids growing there
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Appendix 1. Catch and harvest estimates for Crooked River. 1990.
Effort Number Total Steel head Cutthroat Bull
Interval (hours) released harvest? wild natural hatchery trout trout
May 26- 7.293 22.553 6.803 1.422 4,290 594 365
July 3’ (+3,059) (48.944) (+3,689) (+1.541) (+2,597) (+57%) (+65C
-- 3,205 12,550 3.169 596 539 T.834 58
September 30 (+2,343 (+11,555) (+4,196) (+555) (+491) (+4.067) (+83)
Total 10.495 35.103 9.972 2,018 4,829 2,428 423
(£3,886) (£14,612) (+5.587) (£1.638) (#2,643) (#4,707) (#695)

595% confidence intervals)
Includes harvest estimates of 129 hatchery rainbow trout.

88 brook trout, and 58 whitefish.



